Abstract: LHCb has recently reported more than 2σ deviation from the Standard Model prediction in the observable R J/ψ . We study this anomaly in the framework of a vector leptoquark along with other lepton flavor universality violating measurements which include R K ( * ) , and R D ( * ) . We show that a chiral vector leptoquark can explain all the aforementioned anomalies consistently while also respecting other experimental constraints.
Introduction
LHCb recently reported [1,2] the measured value of R J/ψ to be 0.71 ± 0.17 ± 0.18, which is 2σ away from the SM expectation [3] . At quark level, these processes involve b → c ν transition. Other anomalies based on the charged current transitions are R D and R * D and are defined as
where the denominator is the average value for = e and µ. These observables have been studied by BABAR [4] , Belle [5] [6] [7] , and LHCb [8] , and the world average shows a deviation of 2.2σ and 3.4σ in R D and R * D respectively. Other observables which show deviations involve neutral current transitions b → s + − and are defined as,
Recent measurements of R K * by LHCb show 2.1 − 2.3σ and 2.3 − 2.5σ deviations in the low-q 2 (0.045-1.1GeV 2 ) and central-q 2 (1.1-6GeV 2 ) regions respectively [9] . A deviation of 2.6σ from SM has also been reported in R K . All of these deviations hint towards lepton flavor universality violation and are independent of hadronic uncertainties in the leading order [10, 11] . This has been summarised in Table 1 
0.920 (7) 0.660
0.996(2) 0.685
−0.069 ± 0.047 Table 1 : Current Status of some Flavor Anomalies
These anomalies have been explained in variety of frameworks including LQs [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . In [12] , LQ models which can explain R K and R K * anomalies at tree level exchange are discussed, while in [13] LQ models have been tested to explain the R D and R * D anomalies. A comparison of the two works suggest that the LQ solutions that simultaneously accommodate R K ( * ) and R D ( * ) are scalar LQ S 1 ∼ (3, 3, 1/3) and vector LQ U 1 ∼ (3, 1, 2/3). In this work, we also take into account the recently measured deviation in the ratio R J/ψ along with other constraints from B decays and explain them using U 1 LQ model.
Leptoquark Model
The interactions of U 1 with the SM fields are given by [32] ,
(4) Albeit U 1 is a non-chiral LQ, we will work in a limit where the right-handed couplings are negligibly small. With this approximation, the above Lagrangian is expanded in the mass basis as,
where V and U are the Cabibbo-Kobayashi-Maskawa (CKM) and PontecorvoMaki-Nakagawa-Sakata (PMNS) matrices respectively. We use the following 
for the sake of brevity. The texture of the coupling matrix is assumed to be
so that it can accommodate b → sµ + µ − and b → cτ ν τ transitions.
Results and Discussion
We have used to following constraints as well: (a) BR(B s → µ + µ − ) = 2.8 +0.7 −0.6 × 10 −9 [33] , and (b) BR(B → τ ν) = (1.14 ± 0.27) × 10 −4 [34] . We also note that for interesting region of the parameter space, the LQ contribution to (g − 2) µ , BR(D + q → τ ν), and BR(τ → µγ) is negligibly small. We have used the form factors presented in [3, 35] to estimate R J/ψ .
Since R J/ψ and R D * are mediated by same transition of heavy to heavy quark, heavy quark spin symmetry implies that the ratios should be same at leading order [36] . However, the experimental values of these ratio do not seem to agree with each other in 1σ range. Because of larger uncertainties in the measured value of R J/ψ , we take an error of 2σ in the ratio, while R D ( * ) and R K ( * ) are explained at 1σ.
In Fig. 1 we show the allowed region of parameter space that explains all the mentioned flavor anomalies.
